INTRODUCTION
Fractional ammonium sulphate precipitation was done at 4°C and the 22kd protein, which was referred to as p22, was found to precipitate maximally at 40-60% ammonium sulphate concentration range. The precipitated fraction was redissolved, dialyzed and subjected to DEAE-Sepharose chromatography, where p22 appeared in the flow through fraction.
Finally, the flow through fraction was subjected to preparative SDS-polyacrylamide gel electrophoresis, the p22 bands were excised and electroeluted. Upon SDS-PAGE and silver staining the protein was found to be purified to apparent homogeneity.
V8 protease digestion and microsequencing--20µg of the electroeluted Uhp1 was digested with V8 protease (which specifically cleaves peptide bonds at the C-group of acidic amino acid residue glutamic acid in Ammonium Carbonate buffer, pH 7.8 and glutamic acid and aspartic acid in Sodium or Potassium Phosphate buffer pH 7.8) in a reaction mix of 200 µl containing 50mM Sodium Phosphate buffer pH 7.8, 2mM EDTA and 1.2 µg of V8 protease at 37°C for 24 hours. The reaction mix was passed through a 5kd cutoff filter (Amicon).
Samples were then subjected to SDS-PAGE and silver stained. The larger aliquot retained after V8-digestion was also subjected to SDS-PAGE in parallel lanes and electroblotted to PVDF membrane using 10mM CAPS buffer. Membrane was stained with 0.1% Coomassie blue stain in 50% methanol for 5 minutes. The required bands were excised, destained in 50% methanol and 10% acetic acid (10-20 minutes), washed with deionized water, dried and subjected to microsequencing using model 470 A Protein Sequencer (Applied Bio System) equipped with on-line PTH analyzer.
Construction of GST-histone and HA-Uhp1 constructs--Genes encoding histones
H2A, H2B and H3 were PCR amplified from genomic DNA with specific primers, as shown in Table 4 , and cloned at BamHI and EcoRI sites of the vector pGEX-2T (Pharmacia).
Similarly, uhp1 gene was PCR amplified using specific primers shown in Table 4 and cloned
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at NotI site of the vector pREP-1N-3HA (a kind gift of M. Yanagida), in which nmt1 promoter drives the expression of HA-tagged uhp1 gene. The resulting vector is called pHAUhp1 (Table 1) , in which there is an attachment of a C-terminal triple HA epitope tag to Uhp1.
Preparation of RNA, Northern blotting and Reverse Transcription Polymerase Chain
Reaction (RTPCR)--RNA was prepared from the required strains as described by Schmitt et al. (49) . Conditions of RTPCR for detecting mat2Pc, mat3Mi and polα transcripts have been described earlier (38) . While RT-PCR products of mat2Pc and mat3Mi transcripts were with Uhp1 bands excised from SDS gel, minced in PBS, mixed with Freund's complete adjuvant (1:1 v/v) and injected subcutaneously at multiple sites on the rabbit's back.
Alternatively, affinity purified MBP-Uhp1 fusion protein was injected. Two booster injections were given with same amount of antigen mixed with Freund's incomplete adjuvant at weekly intervals. A week after the last injection, blood samples were collected by puncturing the ear vein and specificity of the antibody was established by Western blotting.
Western blot analysis and Immunoprecipitation--Western blotting was performed by using semi-dry blotter as instructed by the manufacturer (Sigma). After transfer membrane was blocked with 5% skim milk in 1X PBS at 4°C for 2-12 h. Primary antibodies were used at the following dilutions GST pull-down assay--Protein extracts prepared from E. coli cells expressing GSThistone fusion proteins were allowed to bind to Glutathione-Sepharose beads in MTPBS buffer (100mM Na 2 HPO 4 , 16mM NaH 2 PO 4 and 150mM NaCl) in a reaction mix of 100µl containing 1mg/ml BSA, 50µl of beads (50% v/v) and three increasing concentrations of GST-histone fusion protein for half an hour with shaking. The mixture was washed twice with MTPBS. To above reaction mix, 150µg of protein extract prepared from h 90 p22∆ rhp6 -strain expressing pHA-Uhp1 construct, 1mg/ml BSA and 1X binding buffer (5X Binding
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Buffer 750mM NaCl, 100mM Tris-Cl (pH 8.0), 5mM EDTA, 0.5% Triton-X and 5mM DTT) were added. The reaction mixture was incubated at room temperature for 1h and washed four times with washing buffer (100mM NaCl, 20mM Tris-Cl, 1mM EDTA, 0.1% Triton-X, 1mM EDTA). After adding 1X SDS loading dye, samples were boiled for 10 minutes and immunoblotted with anti-HA antibody.
Glutaraldehyde crosslinking experiment--Protein extract was prepared from h 90 uhp1∆ strain expressing the plasmid pHA-Uhp1 and subjected to cross-linking at room temperature for 30 minutes in a reaction mixture (50 µl) containing 20mM Tris-HCl (pH 7.5), 1mM ZnCl 2 , 35 µg of HA-Uhp1 extract and 0.005% and 0.01% glutaraldehyde.
Reaction was stopped by addition of SDS loading buffer. Samples were boiled and immunoblotted with anti-HA antibody.
Ni-NTA chromatography--Ni-NTA chromatography was performed as per manufacturer's instructions (Qiagen). pHis-Ub vector was transformed into appropriate strains and expressed in absence of thiamin as described earlier (50). 40µg protein was loaded in the input lanes while 1mg of extract was used for binding to Ni-NTA resin. The 22kd protein was purified by conventional methods of fractional ammonium sulfate precipitation, DEAE cellulose chromatography and electroelution. Purified protein was subjected to microsequencing but its N-terminus was found to be blocked. Therefore, it was subjected to digestion with V8 protease and the major proteolytic fragments were subjected to microsequencing. Two fragments of 17.5 and 13kd were also found to have their N-termini blocked (Fig. 1b) . However, the 7.5kd band yielded the sequence Mediator of Rhp6 in Silencing in Fission Yeast KMHAAPKPNYPVVTL, which, upon data base search was found to match completely with an internal sequence of Obr1 ( Fig. 1c; 53 ). This protein was earlier found to be elevated in brefeldin-resistant mutants of S. pombe (53), though it did not confer brefeldin resistance by itself. This protein was also reported as a "25kd" protein, which was elevated in crm1 mutant.
Chromatin immunoprecipitation (ChIP) assay--
The crm1 gene was shown to be involved in the maintenance of higher order chromosomal structure (54). However, p25 protein did not mediate crm1 function (54). Expression of p25 gene was found to be down regulated by Crm1 indirectly through down regulation of transcription factor Pap1 (55). Based on the new functions of p22/p25/Obr1, as described in
Results section, it has been renamed as Uhp1.
Effect of rhp6 -/sng1-1 mutation on uhp1 mRNA and protein--We obtained 'p25' gene described earlier (55) and the strain carrying disruption of 'p25' gene from Dr. Toda.
Western blotting using antibody raised against p22/Uhp1 protein showed absence of p22/Uhp1 band in p25 deletion strain, and enhanced levels in a strain carrying p25/uhp1 gene on a high copy plasmid 2 , thus confirming that p22/uhp1 was identical to the product of obr1/p25 genes described earlier (53, 54). were generated in both switching and nonswitching background and their phenotype was compared with vector controls. Interestingly, we find that both overexpression and deletion of Uhp1 elicit haploid meiosis phenotype, indicative of silencing defect (Table 2) . However, this effect was observed only in the switching (h 90 ) strain, not in the non-switching (Msmto) strain (Table 2) . Thus, manifestation of defects caused by overexpression and deletion of uhp1 show a dependence on switching competence of strains, which is similar to the phenotype displayed by sng1-1/rhp6 -mutant (38).
To directly assess the effect of overexpression and deletion of uhp1 on silencing, RTPCR analysis was carried out to monitor the level of expression of silent copy transcripts in h 90 and Msmto strains, as described earlier (38) . Both overexpression and deletion of uhp1
caused an elevation of mat2Pc transcript only in a switching, h 90 strain ( . However, no effect was observed in non-switching strain Msmto (Fig. 3 , middle panel, lanes 4-6). Thus, overexpression of uhp1 elicits silencing defect similar to that exhibited by sng1-1/rhp6 -mutant (38) , that is, the effect is switchingdependent. These results show that Uhp1 does function as an in vivo mediator of Rhp6.
Interestingly, overexpression and deletion of uhp1 gene have opposite effects on the level of sporulation in h 90 strain: while overexpression causes a reduction, deletion of uhp1
gene caused an elevation of sporulation level (Table 2 ). These results suggest that apart from its effect on silencing, Uhp1 also exerts an inhibitory effect on the level of switching and/or sporulation. Thus, Uhp1 may also mediate the role of Rhp6 in switching and/or sporulation. This is consistent with the fact that rad6/rhp6 -mutants have reduced levels of sporulation (57, 58).
To assess the effect of overexpression and deletion of uhp1 on switching, we used the iodine staining assay. Iodine stains a starchy compound present in spore cell wall. Switching strains produce cells of both mating types, which mate and sporulate and give dark staining with iodine, while non-switching strains, such as Msmto, produce no spores and, therefore,
give no iodine staining (45). It is particularly interesting that overexpression of uhp1 in h 90 strain produces two types of colonies: dark staining and light staining ( Table 2 and Fig. 4 ).
Since mating type region is prone to rearrangements at a low rate (~ 10 -4 /generation; 59), some of which may possibly affect silencing, it is possible that cells of the light colony may have undergone a rearrangement. Such rearrangements are known to occur more frequently in Microscopic examination showed that the light-staining colony has a higher level of haploid meiosis as compared to the dark staining colony (Table 2 ). This level was also higher than that observed in h 90 strain carrying uhp1 deletion (Table 2) , which is surprising, in view of equally high levels of mat2Pc transcript in strains expressing uhp1 on a high copy vector or having uhp1 deletion (Fig. 3, lanes 2 and 3) . This may be explained by the fact that RTPCR data for overexpression of uhp1 represent predominantly dark colonies (which contain very low, ~1%, of light colonies), having a low level of haploid meiosis, which is similar to that observed for uhp1∆ strain ( Table 2) . Uhp1 is associated transiently with silent locus mat2P during S phase --The association of Uhp1 with silent locus mat2P was checked by ChIP assay at 0, 2 and 4 hrs after release of HU-arrest in a wild type strain expressing pHA-Uhp1. We find that Uhp1 is maximally associated with mat2P at 2 hrs, which coincides with S phase but not at 0 and 4 hrs (Fig. 7) . Thus, Uhp1 appears to be associated with silent locus mat2P only during S phase.
Ubiquitination of Uhp1 in vivo and its dependence on Rhp6--

Uhp1 contains the histone-fold motif similar to histone H2A and interacts with
Mediator of Rhp6 in Silencing in Fission Yeast histone H2B--Motif search did not reveal any structural motif or nuclear localization sequence in Uhp1 and only one short sequence with sub-optimum similarity to the PEST motif for ubiquitination was found (61, 62). However, a direct comparison with histone-fold motifs found in core histones by ClustalW analysis revealed a close similarity of the residues 13-76 in Uhp1 to the histone-fold motif in histone H2A, with about 20% identity and 40% similarity (Fig. 8a) . This motif has been identified not only in core histones (63-65) but also in some TBP-associated factors (66) . Maximum similarity was found in the middle helix α2
and loop regions L1 and L2 ( S61585; E=3e -49 ) with 60% identity and 77% similarity (Fig. 8b) . It is possible that this protein may be the in vivo target of Rad6p in S. cerevisiae. Interestingly, both these proteins are similar in size to Uhp1 and share homology with it all along its length including the histone-fold.
To directly check whether, like histone H2A, Uhp1 can interact with its cognate partner H2B, we performed GST-pull down assay by incubating the extracts prepared from wild type strains expressing the HA-tagged uhp1 gene with GST histone-fusion proteins,
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where GST was fused with histones H2A, H2B and H3. Western blotting with anti-GST antibody confirmed the expression of fusion proteins from three GST-histone recombinant clones (Fig. 9a, lanes 1-3, arrowheads) . Results indicate that histone H2B exhibits a strong interaction with Uhp1, while histone H2A does not interact at all and H3 interacts relatively weakly (Fig. 9b , compare lanes 7-9 with lanes 4-6 and 10-12). Thus, Uhp1 does interact with the cognate histone partner of H2A. Interaction with histone H4 could not be checked because GST-H4 fusion construct could not be expressed in E. coli, presumably because of unsuitable codon bias.
We also checked whether Uhp1 can interact with itself and form homodimers or multimers. Results of glutaraldehyde cross-linking show that Uhp1 does from homodimers in vitro (Fig. 9c) . However, no multimers could be detected.
Uhp1 derivatives lacking histone-fold and α2 helix exert a dominant negative effect
on switching--To check whether the histone-fold motif and the central α2 helix play a critical role in the function of Uhp1, we constructed clones of Uhp1 lacking histone-fold motif and α2 helix, and expressed them in h 90 strain. Interestingly, all the transformants carrying the constructs lacking histone fold or α2 helix gave light staining with iodine ( Fig.   10 ). Southern analysis showed that these transformants had normal mating type organization and the level of double strand break 3 . Microscopic examination of light staining transformants showed greatly reduced level of sporulation (Table 3 ). This defect may either be due to reduced mating efficiency caused indirectly by misregulation of mat1 transcription or due to defects in switching and/or sporulation. Thus, constructs lacking histone-fold or α2-helix exert a dominant negative effect either on mating, switching or sporulation. uhp1 is present on a high copy vector, might lead to a persistent alteration in chromatin structure, which may cause derepression of the silent loci. It is possible that in rhp6 -mutant, an excess amount of Uhp1 protein may result in an altered nucleosome structure with Uhp1 in place of H2A, which may not be able to form heterochromatin structure at the switching donor loci. Alternatively, chromatin lacking in ubiquitinated Uhp1 may not be recognized by other heterochromatin factors like Clr4 (see below). A similar ubiquitin-mediated regulatory mechanism operates in cell cycle control where cyclin degradation by ubiquitin-mediated proteolysis is critical for G1-S transition (70) . Thus, a unique feature of this study is to demonstrate that a similar regulatory mechanism may operate in facilitating the propagation of chromatin structure. HU arrest and subjected to ChIP analysis using oligos to amplify mat2P and act1 genes. The mat2-to-act1 signal ratio was determined for each NIP and IP sample and the enrichment ratio determined using the IP/NIP ratio for 0hr sample as 1. Table 1 ), and uhp1 derivative clones lacking histone-fold motif or α2 helix. Transformants were streaked on PMA plates lacking leucine.
Mechanism governing regulation of
After 4 days of growth colonies were stained with iodine and photographed.
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Primer name Sequence
